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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a multipurpose cement-dispersing, shrinkage-compensating and corrosion-resistant 
polymer and a admixture including the above polymer, which improve the processability and early strength development of 
fresh concrete. 

SOLUTION: The polymer is an acrylic polymer modified with ester and amide groups, which can be obtained by 
copolymerizing (1) acrylic acid or methacrylic acid, (2) acrylic or methacryllic methoxypolyalkyleneglycolester monomer with 
2-300 mols of oxyalkylene group having 2-3 carbon atoms, (3) the acrylic or methacrylmethoxypolyalkyleneglycolamide 
monomer with 2-300 moles of oxyalklene group each having 2-3 carbon atoms if necessary, (4) an acrylic or methacrylic 
ester of tertiary alkanolamine, and (5) the primary or secondary aliphatic or alicyclic or aromatic amine if necessary. 
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sZmuLtz. 3 5gW5 0%*i^b^-NU^A$:. -t 
<7>&. SSTLTiP*.. pH<I£5. OfclWLfc. 
JP^T 4 0 Mn = 1 1 1 00 g/^/KO 

[0 04 5] ME 3 (^'J-7-E3) 

3 8 0 g <0**fc*» 0 . 3 0 g CDBJBI^-fca^ 
5gco^^'J-fea-^$-An^. MftLtctft?y?x 

xcoftsummnzmmtfAz-wwi u. * lt mm 6 o 

"CtCiD^L/i. R*fc. a) 72 g ( lt/U) (Dlfil 
tz&frKKDT?V/U& (ty7- 1 ) . 68 5 g (0. 
6 5^) CD^yv-2-1. 47g (0. 085* 
;W) <7)^f-;PT5yxf-;pr^ Ul^-h. 6g 
<5D 5 0 %*B!-ft^- hD AO 2 5 0 g i0*^^^?Bt. 

b) 1 5g(0 3 5%mm-it'Km<omm. &t/. c> 25 

g<o*4 1 c7)4 g^r^a^t'ys, Sr 6 oti-MMzmbn 

fc. »G»**oaflCfcl 5^lt»L7t. it 
•^3S:2 5-C^ait. -etTPO/EO*;l^Jt* J 2 
9 : 6T-ftO. Mw=2 0 0 0tS>l»^ h^v-^'J^^r 

^T;^i/>-r$y2 gS-^s&nL^. 3 5go5 0%?k 

5. 0fc:il«Ufc. **Mz.X4 0%m&bl,tz. Mn 

= 10700 g/&u<vwt : ¥-&)fi-?&7)xv 

fitz. 

[0046]Jt^MC4 (^J7-C4) 

3 8 0 g<o**t=*» L3to . 3 o g w^es-^atf 

30l*l^l?ffl^$rM^'^-C« -e LT?§?fi[£ 6 0 
•CtCjDSftL^. WmiZ. a ) 7 2 g (1^) iO^SU 
tz\ft**)<7)T9»iV®. (t/7-1 ) , 5 16g(0. 

4 9t^) Wty7-2-l, 9 5g (0. 0 9t;U 



(8) #^2002-3256 (P2002-3256 JL 



A.CD2 0 0 g<D**<7)7mffi.. b) 15g03 5%i§g? 
-fbK^<30^g. c) 2 5g^«f^4g«7^3 

;ub>&, *6 0#J2lrtfc«JiiLfc. a&AiameaA* 
7 5*C£±W\ SSaino§rrtg£. SOSifc£-?-oi>:i 
5#BSi#L*:. g&K. ii£fe£2 5n-&iPU -e 
LTPO/EO*;Ht* J 2 9 : 6-f&9. Mw=2 0 0 

ox-hhx v*^xv**i/T)V*\svt $^2 s*i& 

JuLfc. 3 5gc0 5 0%*BS'fb-t-hU'>A$r x -?-Ot&. 
JSTLTJjPi.. pHffi$r5. OCCifflgSLfc. TKSriD^T 

4 0%Jg8fc Lfz. Mn=10200 g /^POgt^ 

iO;K 'J v-## £>*ut . 
[004 7] #JE4 (*'J7-E4) 

Mgg«^§. N,>fyi/7 h*jL-7RX/ 

3 8 o g <D** izmm Ltio. 3 o g co^mm-WiRi/ 

5 go^*^y^o--/P£AfU:. tmt^^yyx 

zuvft®m&%is.mtfxx'wmL. -e lt*§?k£ 6 o 

•CdJnSfeUt. I§]BSK. a) 72g (ltyH OggSL 
Wf^O^'J^iftyv-l), 516g (0. 

4 ^77-2-1, 95g (0. 09^) 

&t/ % 2. 86 g (0. 0 2t;l/) 
Wy^fyl^TSyxf^T? yp-hO200 g<7)7j<tf 

07k*§$L b ) 1 5 go 3 5%7m<bkm(?>mm. & 

^ c) 25 g<7)*+<504 gOT-Xn/PfygL £ 6 0 

tino^zTmz . kasr 5r -e oi&KK 1 5 ^-ostit l ^ . 

?l-g*S:2 5 0 C^aiL, fUPO/EOt 
A-it**29 : 6T'&>3\ Mw=2000fS>S^ 
jKy^^T^l^TS^g^SstinUi. 3 5 gO 

5 0%*S?-fk^hU'>A&. *Of&. SSTLTJPi.. p 
HfflSr 5. OfcWIBLfc. 7]<£;!id;LT4 0%mmt L 
ft. Mn = 9700g /^JUCom^-fr^F&COtf ij7- 

[0 04 8] Jt&#JC5 (^UV-C5) 

aftMMk Na^VW hfi-7Si; 
SlW£-§-$fi§S:£ltfiiLrt:2 y «y h^^XRjeSitftc. 
3 8 0 g Lti 0 . 3 0 g OBSB^-^Sl^ 

SgOiM-j/y-feo-A^Ail*:. MifL^* 5 ^^^^ 
3toi*i^#HMSrS»^XT-atiL. * LT^JgSr 6 0 
•CfcJO&Lfc. IHB$fc s a) 72g (1*^) cr>m&L 

tz\ffr*)<r>T?V)i<m ) . 580 g(o. 

5 5^)^^-7-2-1, 28g (0. 1 2t;P) 
CON, N-i^?u^dfi^T:7 iJ;l/7S h\ mf. 6 
g<7>5 0%7Ki!^h y»>A<7)2 2 0 g<07j<4>«07j<^ 
b ) 1 5 g<03 5%3SlEYb7k*<7)^?g. &V\ c ) 
2 5 g<7)7K4'C04 g«7X3/Pt' >-$L £6 0#Jap"3fc 
SsliiL*:. ^anoratiasSr 7 5*Cfc:±«\ asjQO^T 
ttfc. £JSSfc£-?-oiaj£K 1 5^raiiJ^L7t:. fit&K. 

a^**2 s-ac&aiu -eLTPo/Eo^jt* { 2 



9: 6T'ftO. Mw=2 0 00T'£>S* h^fx^y^ 
S'T^UyTS^gi&SS&nL*:.. 3 5gO5 0%7j< 
WHt1-hOVJ*Z. -£0&. mTLXHUt. pHIJ 
5. OCWBUfc. 7K5-aP^.T4 0%S?Ri:L^. Mn 
= 10 3 0 0 g/ ; 6/H^» 3 FlWH s »^)!K , J ~?-m%t> 
tit:. 

[0049] ME 5 (*yv-E5) 
xs-v~. N 2 -<yw 

3 8 0 gOTK^tc^p o . 30 sofmm-mas 

-eiztmttz. mmz^ a > 7 2 g ( 1 ^> oust 
jttfa^or^y/Vffi (^yv-i ) v 5 8 og (o. 

55*/P) O^y-7-2-1, 2. 86g (0. 02^ 
)V) Oi^f-;l/7$yx^T?yi^-K Rlf. 6g 
<05 0 %7j<i?-ft-7- h 'J 2 2 0 g Ofc+OTkigrSL 
b ) 1 5 g03 5%j&BHfc**OS§?BL SI/, c ) 2 5 

g 0**04 gorxn/utrvgL S-6 o^-Jilrt^Jn 
tz. Busnkitomiizi mmz. m, 

^J?r2 5*C^aiL. ^ LTPO/EO^;l^Jt* { 2 
9 : eTS) 1 ). Mw=2 00 0T'S>S^ h^S-'sKU** 
ymuy7S>2 g5-®IDL?t. 3 5gO5 0%7K 
K-fbT-hy^A?:. ^of^ SSTL-Clni. pHIJ 
5. OtHWUfc. 7k5:SDxT4 0%j§?gfc L/c. Mn 
= 9500 g/^/KOjft^^fieo^y 
fc. 

[0 0 50] ME 6 (*ryv-E6) 

a8t«HH». N 2 ^fyU-y h^-i-rai/ 
@«JS4-^«Sr^dL^2 y -x h^Ty^XRJCfg^^. 
3 8 0 Lfc 0 . 3 0 g<0«W»MRai/ 

5 g tfO^-^- y -b o-;w^ AiiJt . JSJf L=3r*^ 7 v X 
30|*|gl5#Hm$rM«7yx-C» L. % IsXWm: 6 0 
^CfctDfSLTt. RB$fc, a ) 7 2 g (lt;K iOMl 
Jttf^OcOT^y/UK (t/V-l ) , 3 17s (0. 
1 9^) O^yv-2-4, 3 1 7g (0. 19t 
)V) <7)*:S-?-3-5. RTS, 2. 15g<0^f/U7 
5 yj^PT? y HO 2 0 0 gO7j<cp<07]<?£$L 

b ) 1 5 go3 5%mmik*.m(?>mm. mf. c > 2 5 

g07K4>04 g«7X3/H>i, Sr 6 0#fiOTf3Rh 
«5JnorataK5-7 5'C^±(f, ^SDO^Tf* 
RjC^Sr-5-oaS^l 54MBWa*Lfe. «»t=. S 
-^)$:2 5 , C(^a]t. -E-LTPO/EO^;Ht^2 
9 : 6T'*y, Mw=2 000tM^< h^S'sKy** 
>-T;W=¥^>TS>'2 g5-^!lDU^. 3 5gO5 0%7K 

5. OKWttUfc. *^jDi.T4 0%?§?Stfc Lt^. Mn 
= 9900 g/t yuoifcT^^HFio^y -7-*^#^>ix 



(9) #Bfl2 0 02-32 5 6 (P2 0 0 2-3 2 56 JL 



(oo5i] immc6 axvrfVMk) 
asv^JH-fetM o o ox'h&mttmtztpmztit:* 

VT? VJ\sm<05 0 SSOKALAN PA 25 a P 

N(BASF, Badische Anilin&;Sodafabrik) £3^? U — h 

[00 5 2] tmma (^7jy,1fj7-) 

ent F-10 (Suddeutsche Kalkstick-stoffwerke, Trostb 
erg. HUtttt&TftPtt 1 5,00 0T'&.&X;U*Wfc 

[0053] JtKfllC 8 
-150 (KAO Corp.. Tokyo) ti^tetfr^**^ 5 , 0 00 

~6, ooox'hi>^)^yit^y^]yy-^)UM.T)U 

ft KSiS&^feW^- h U »>ix*T*4 . 
[0054] ttKM 

£ft&0)0IML ^y^V-hiznt^WM^V? 
-<0&£3;hJfc8bwiaWR&tf¥J« (IB) ESS&JgO 

1-E5li ( aafttta^y-h^SOB 
{tfPJfc LTHHteffn (KRftll ) . *UT. iSWk/ 
•fe^y MtaifSvv^ y/- (•fe^yh + yWbj. 
-A ) #3r#*>»3ft8 ay?y-h cotiim&m/x y > 
7°y4yZ&&t&tz*b<r>wm\b LXW&*'fr^ti 

[0055] JifEKIEK LtcimtfV V-(C1-C 

8) i>z(oft®x'um*m^LximLt:. 
[0056] vmmi 



iz. D INI 048, ^c-Mfci* r 7o-f-^ 

xT]sv}*simmRizte^xtiimzii&. 

ASTM C 1 43teJ:6 rxyyyW&i i>m8Ztl 
h. 

[0057] d<O||®<50B6*)T\ 7P-f-7'/W7 , V 
•y h'te. 2^- hf- flV ( 7 0 X 7 0 c m ) ±<0&li 

*-f & i i: J; 0 . Rii&<7>^<7>:J y ? 'J - h #r -f 
-\iWmZtl&. *<0f£. T-?Jl>e>TU- (are)Sr£- 
IBIT'4 c m±ff . -£-LTj&T$-££. dtfO^MS" 1 5 0 

[0 0 58] X^vr^lSilT'Ji. 3«c7)r7>-^U-h^ 
R£t&)^T1#^cD^£cog^cNcA*U -5- LT&f$£ 
«J:-5 2 5lH]«or-y^it < J;'5£E^-rS. _t«fc:*HvC. 
ziy?V-bZ&l-lzxbVv77l-yL. *<Wk, M£ 

itwmm&g.-t&ztt / zj;*)M%ztL&. 
[0059] nhtitzim&zkZimLZLx-iyi'X 
f-yi/-tcom&£m<Kifi>iz. tB6snfc4 4o43 
v - b £ n yi/xf-y i'—mmx"fti?& z t 

h (DIN18555. >t-b2**SSflfc^) . 
[0060] 
[|R2] 



K 1 =R!tt 
K 2 =^ffltt 

K4=aia!itt 



< 30 
30 ~ 40 
41 ~ 50 
> SO 

[006 1] WfcoMaMfcCtfsfcSRrfc * £SSHritiffii 
teffl£ixS. it^ffA&S 5 0-1 5 Om^ 

\wwmanz& &3y?y-v (ommt^mizL^ 
tziz. msm^ytv-biiimzixz,. 

[00 6 2] K2X«K33y^fyi/-^tS3 

y? o - hit. mmm (n^imit i>witiz> ) 

mth Z t lz X 0 K l a y^xr-y-y-coa y? 0 — h 



^,7^^ (cn.) 

< 1 



1 ~ 9 
10 
> 15 



15 



mmmtf®t>tii>x°$>*> a . 
[006 3] wmLtz££mL?y?v-hX'it. mm 

WLT. 0. 2-1. 5%coWM'ft (.mmLtzMMX') 

[00643 it^sgc zowmt. ttz. mum 
<r>wm*mm-h #v -?-wf¥ffim&xftt?m.iz£ 
h. 

[0065] ^%*%(T)3XV^-<r)%\*$m i &.Z : *-tK 
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WSttiMSfij^D I N 1 048. J*-h l&l/ASTM [0066] 

S3 :±3V^U-WS*fe«D«i^ 









7. 5 




1.5 


7*>*>K "Epple" , l.amttT.* 


9.5 


V-t*-> K "Epple" , 1. 2-4. Onm* 


8.0 


■5<f>-y->K "Epple" , 4.0~8-anm.« 


4.5 


V-f >^^-<;U 8 to 16 mm.* 


9.5 


V-T >2^<<;U 16 to 32 ran.* 


17.0 




3.45 




0. 04* 











[00 67] 3^^'J-M«fi<O8asaiflR0av^ 
-tr^O'hS.y'i-WSr. 3>-?y-h<0;t46<7)5 0y •y^ 
/^&^IHIf■^ii$*1^-4>Tl 5gWW!l»£Ute. 8HTF 

C2 0 wmizbtz -> x , mbttm*&tsm&***i> -> < 

[0068] 7D-f-y;Wri/7 Hoaii^itf^ 
fc. 1 2X 1 2cmO^Sr*-r-S^^7-'-f-5raSJt 
U -5-LTDIN 1048^f-M(CJ:t). 1, 7 
RT/2 8BmzJ±ffiim*mfeLtz. «MHMMtife£(2 
ASTM-C 4 0 3tj:otffofc. S€>C % 
£7)3 y -7- £ it WJC - 1 ~C - 3 i: HM U/t . 

[0069] ±!S«t *i 9 . 7 D-f-7*;U71/ ■/ h' 



[0070] H-«0*ttTf8ftLfc31'? U - MORS 
^UlNo. 1~1 l£. 70-7-^X71/7 HRt/ 

[0071] ta&zm.Ai.zmm-h. mmt. 

iS^iK'Jv-^ttgEii^jNo. 2, 4, 6, 
8, 10, HT'ti. ia^«>J<14£^U ZLXEK^ 

X/X7>y'rfg : &fmt l ziiti'>X—%X°$)hZ\t i^L 

V^yv-£#t*JttfcrI£Wo . 1. 3. 5, 7, 9 

^ftNo. 12. l 3&t/l4t±ig-£?)6 0#f&k:gEfc: 

[0072] 
[«4] 



(11) #§H20 02-32 56 (P2 00 2-3 2 56 JL 



«4 35MftfflliLr*«B^«>^ij7-aotit«^ij-7-^fflt%fc v * 



atn*i 




met 


Rtt 


« 


»*« 


/77>7\ cm 




«*# 








x=0 


60 


120 


y=1 


7 


28 




1 


CI 


0.3 


61/24 


60/24 


50/19 


14.0 


42.8 


47.9 


1.9 


2 


El 


0.3 


59/22 


57/21 


51/17 


20.4 


43.3 


48.5 


2.0 


3 


C2 


0.3 


52/19 


53/20 


50/18 


17.5 


39.7 


48.0 


2.0 


4 


E2 


j 0.3 


50/18 


52/19 


49/19 


23.2 


44.3 


46.0 


1.8 


5 


C3 


0.3 


56/21 


54/22 


50/20 


14,9 


39.0 


47. 1 


1.9 


a 


E3 


0.3 


55/20 


54/21 


52/19 


20.4 


42.3 


50.2 


1.6 


7 


C4 


0.3 


54/20 


52/20 


50/20 


15.8 


41.2 


50.0 


2.7 


8 


E4 


0.3 


60/22 


60/24 


53/20 


22.3 


44.5 


50.2 


1.8 


9 


05 


0.3 


56/22 


55/19 


48/16 


17.0 


45.0 


50.3 


2.5 


10 


E5 


0.3 


61/20 


60/25 


52/20 


20.5 


42.0 


49. a 


1.8 


11 


E6 


0.3 


60/21 


61/23 


61/22 


21.9 


43.0 


51.2 


2.0 


12 


C6 


0.3 


30/0 








22.4 


45 


2.8 


13 


07 


0.3 


42/12 






26.9 


48. 1 


60. 9 


1.5 


14 


C8 


0.3 


45/14 


33/1 




21.0 


43.5 


50.0 


1.9 























[0073] #«CffilrVk/-fe.X >hlt (W/C ) con 
[00 74] tmM2 

v^S. S^tqSSMiB^Ilit&tS (JIS-A)tfi 



u -ecofjL sswbw&ix o . o2X(a«wBW«o** 

ic#LT) (O^l^Tf'hW 2 0 

^7>-77D- m?X=7VTZ J I S-A 11 Oil; 
<k9 1 2 0#£T$l5gL.£. J I S-A 1123&1/ 
J I S-A 6 2 04tC«S£3*l4#JH*JfllrVt. 

[0076] 
[*5] 
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#i4^» (kg/on*) 


S/B 


S/A 




V 


G 


SF 


S 


G 


22% 


39% 


1.6% 


165 


675 


75 


600 


950 



8**: 

S F =*SffiS{b-> »J * t J. —A : : 2. 2-2. 7. 

: 100. 000-250. 000 cm 2 /% 
S= -9">KEpple: 0— 1.2nnu 300kg 

1.2~4nnw 300kg 
G : =^ : 7^UEpple : 4— ton. 280kg 

8~*16nm 670kg 
A = *# : tfVK+^^U 



[0077] aWM!*)*' »J v-atXJtKcO* U7-^ [0078] 
oa^*^SHiB*«Sr* 6 [« 6 J 

sarogiiiatfflEiiag 



KB* 
m% 




A. % 


7k?j1* 7JK cm 


m&0y sa 


<D%ffi 








x=0 


60 


120 


y=i 


28 




1 


C1 


! 1.6 


51 


58 


60 


11.7 


97.9 


2. 1 


2 


E1 


1.6 


50 


52 


60 


22.0 


101.0 


2.0 


3 


C2 


1.6 


51 


55 


59 


13.7 


102.0 


2.4 


4 


E2 


1.6 


56 


61 


59 


29.1 


100.0 


2.0 


5 


C3 


1.6 


54 


53 


51 


6. 8 


103.4 


1.9 


6 


E3 


1.6 


61 


60 


59 


22.6 


105.0 


1.8 


7 


C4 


1.6 


60 


61 


60 


14.6 


100.0 


2.1 


8 


E4 


1. 6 


60 


64 


62 


24.7 


102.5 


2.2 


9 


C5 


1. 6 


54 


58 


60 


16.0 


101. 1 


2.4 


10 


E5 


1.6 


57 


61 


59 


23.9 


104.3 


2.3 


11 


E6 


1.6 


60 


62 


62 


24.0 


105.0 


2.4 


12 


C6 




<35 








63.9 


8.4 


13 


C7 


1.6 


43 






31. 1 


102.4 


1.8 


14 


C8 


1.6 


48 






19.3 


93.2 


3.8 



[0079] m6frt>VT<7)ZbtfWt>frX't>h. #?g -*#trK«a£tt2, 4, 6, 8, 1 ORIS I Hi, 
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ft&nXW-t-ktsim&'&mi 2. 13£.t/14li 
[0 080] m&M3 



[00 8 1] 1. 6Si%?)*'Jv-£-faK **0 17 
7 p p m^jjw>^ ^(Dfccomi&tt-t&ymi&Z&mz 

[0 082] 3. 3~4. 5cm5$W2. 5 c nUD 



[0083] ^X^WSaiLfciSldfcJiSr^^-Sf 

-mmx'*j<-Lti. im&&±izm-<7>Ai— 

*mLtiTi<"!r-?lzMl*:. BUR* 2 OXIXiffiK. 
&ffl»lztmx . MMt LX 1 7 7 p p m<0SSO?Kil 

[0 084] IftitSS* (3E7 ) li. *J6WOdfU'7-S' 

[0085] 
[^7] 













1 






i a 


K 


2 


SMI 




7B 


K-st 


3 


CI 


1. 6% 


1 B 


tnh 




CI 


1. 6% 


7B 


K 


5 


El 


1. 6% 


1 B 


Inh 


6 


E1 


1. 6% 


7B 


Inh 


7 


C2 


1.6% 


7 B 


K 


8 


E2 


1. 6% 


7 B 


Inh 


9 


E3 


1.696 


7 B 


Inh 


10 


C3 


1. 6% 


1 B 


K 


11 


C4 


1.6% 


1 B 


K 


12 


E4 


1.6% 


7 B 


Inh 


13 


E4 


1.6% 


28 B 


Inh 


14 


E5 


1.6% 


7B 


Inh 


15 


E6 


1.6 


7 B 


Inh 


IS 


C5 


1. 6% 


1 B 


K 



K-st : BI=A*.&*£fcil:g 



[0086] W7)VnE. (CV) fcrJcSCaC 1 iffg 

'J?-C1, C2&tfC3J:Jt!KLTP^*:. 
[00 87] S^Sr. X^^^jfT-^g VSI/Camec II 



[0088] fS®^U oai ±5V, V u =l-8350 
mV/*, 

-fMft«S: BMUfcXf—^Tl'-h (SKIHST3 
7) 

- v = 1 0mV/t 

mzx-i . 6 o%, stttig»utttt«,fl»aii> l**^ 



(14) 



2002-3256 (P2002-3256 JL 



fc. i = 0 . 0 m A/c m*T 1 RHSRinsiff 

|£S&l$fS|: lB#fa. i aa i = 0. 5mA/m' j 0 &tX j 
u. flISi ( i aa ,= 3 0 — 5 0mA) £#3?. 
i aai = 0. 5mA/cm2T3 0^fa$fe{C*t«liS5L 



[0089 3 *80>?-9frtMhSL$K., £-C<0*H 

[0090] 
[168 3 



&8 : fi&fQCa (OH) t +0. 09M-Na (OH) »<::feli.58t«ggt?<P-fr-f »;Ugg 







R&»»4><D 




S*«ffite*EE 


s# 






vs SCE 
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• [ & h m m m m ] 

1. Title of Invention 

Cement Dispersing Polymers for High Flow, 
High Strength and Self compacting Concrete 

2. Claims 

1. A water-soluble acrylic copolymer with ce- 
ment dispersing, set -accelerating and ant icorrosive prop- 
erties to steel, 

obtainable by copolymer izat ion of an ct,fl- 
olefinic monocarboxylic acid or its salt shown by formula 
1 given below, 

a second acrylic monomer shown by formula 2 
given below, optionally a third-acrylic monomer shown by 
formula 3 given below, a fourth acrylic monomer shown by 
formula 4 given below and optionally a fifth acrylic 
monomer given by formula 5, 

such that the molar ratio of constituent 
monomer units 1, 2, 3, 4, and 5 is 

a:b:c:d:e = 1: (0.01-0.80) : (0- 
0.80) ; (0.001-0.3) : (0-0.5) , 
and 

a : ( b+c+d+e ) =0.1 : 0.9 to 0.9 : 0.1, 

wherein 

a designates the molar concentration range of constituent 
monomers 1, 

b designates the molar concentration range of constituent 
monomers 2, 

c designates the molar concentration range of constituent 
monomers 3, 

d designates the molar concentration range of constituent 
monomers 4, 

e designates the molar concentration range of constituent 
monomers 5, 

said monomers having the structural formulas 

shown below: 
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R R 

I I 

1 „ H,C=C 2 

I I 

ioOM C00(CH 2 CHRO) x -R' 

J T 

H 2 C — 9 3 H 2 C=:c 4 

CO.NH(CH.CHRO) v -R3 ! 

y COO-CHRCH.-N — Ri 



H 2 C=C 5 
CO-NR4R* 

wherein each R independently from each other 
represents a hydrogen atom or a methyl group, 

R 1 and R 2 independently from each other rep- 
resent from each other a Cj - C r alkyl rest, a hy- 
droxyethyl (CH a CH a OH) group, an acetoxyethyl- 
group(CHaCH a OCOCH 3) group, a hydroxy- i sopropyl (CH a -CHOH - 
CH 3 ) group; an acetoxy-i sopropyl (CH2 -CHOCOCH3) group, or 
R 1 and R 2 may together with the nitrogen atom to which 
they are bond, form a morpholin ring; 

R 3 is a Ci-C 4 -alkyl rest, 

R* and R s independently represent an ali- 
phatic, cycloaliphatic, araliphatic or aromatic rest or 
R 4 and R 5 may together with the nitrogen atom to which 
they are bond form a morpholine- or imidazole ring sys- 
tem, 

M represents hydrogen, an alkali metal ion, 
an alkaline earth metal ion, an aluminum ion, an ammo- 
nium- or organic ammonium group; 

x and y independently represent integers from 

2-300. 
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2. A modified acrylic polymer according to 
claim 1, wherein the monomer 1 is acrylic acid or 
methacrylic acid. 

3. A modified acrylic polymer according to 
claim l or 2, wherein the monomer 2 is a methoxy- 
polyoxyethylene acrylate of a molecular weight of 350 to 
5 000g/mol. 

4. A modified acrylic polymer according to 
anyone of claims 1 to 3, wherein the monomer 3 is a meth- 
oxy-polyoxyalkylene acrylamide of a molecular weight of 
500 to 5000g/mol. 

5. A modified acrylic polymer according to 
anyone of claims 1 to 4, wherein the monomer 4 is the 
acrylic ester of a tertiary alkanol amine. 

6. A modified acrylic polymer according to 
claim 4, wherein the monomer 4 is dimethylaminoethyl ac- 
rylate. 

7. A modified acrylic polymer according to 
anyone of claims 1 to 6, wherein the monomer 5 is the ac- 
rylamide of oxazolidine. 

6. A modified acrylic polymer according to 
anyone of claims 1 to 6, wherein the monomer 5 is the ac- 
rylamide of dicyclohexylamine. 

$. A modified acrylic polymer according to 
claims 1 to 8 r having a number average molecular weight 
in the range of 5 1 000 to 50 "000. 

10. A method for preparing a modified acrylic 
polymer according to claim 1, wherein the monomers 1, 2, 
3, ±, and 5 are reacted by aquous solution radical co- 
polymerization in the presence of aqueous hydrogen perox- 
ide as initiator. 

11. The method of claim LI, wherein an or- 
ganic thiol compound is used as a chain- transfer agent. 

12. The method of claim 1, wherein thioglyc- 
erine is used' as a chain-transfer agent. 

13. A modified acrylic polymer obtainable by 
the method of one of claims 10 to 12. 
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14. A cement dispersing, set accelerating ad- 
mixture having anticorrosive and preferably also shrink- 
age reducing properties to steel, that contains a modi- 
fied acrylic polymer according to anyone of claims 1 to 9 
and 13 in amounts of from 5 to 95 %, and that is in liq- 
uid or powder form. 

15. The cement admixture of claim 14, con- 
taining at least one defoaming or antifoaming agent. 

16. The cement admixture of claim 14 or 15, 
containing at least one air controlling agent. 

17. A mortar, concrete, cement or cementi- 
tious binder containing the modified acrylic polymer ac- 
cording to anyone of the claims 1 to 9 and 13 in an 
amount of 0.01 to 10% by weight of the binder, said mor- 
tar or concrete having a unit content of binder composed 
of cement or a mixture of cement and latent hydraulic or 
inert microscopic powder of 150 to 800 kg/m 3 , preferably 
of 250 to 650 kg/m 3 . 

18. A mortar, concrete, cement or cementitu- 
ous binder according to claim 17, wherein the cement is 
Portland cement, white cement, high alumina cement, and 
wherein the latent hydraulic or inert microscopic powder 
is fly ash, slag, silica fume, burnt oil shale, metakao- 
lin or calcium carbonate. 

19. A mortar, concrete, cement or cementi- 
tious binder according to claim 17, wherein an admixture 
of one of claims 14 to 16 is added before, during or af- 
ter the grinding operation of the cement or the cementi- 
tious binder. 

20. An aqueous slurry of microscopic powders 
containing the modified acrylic polymers according to 
anyone of claims 1 to 9 and 13 in an amount of 0.01 to 
10% by weight of the binder. 

21. An aqueous slurry of microscopic powders 
according to claim 20, characterized in that the micro- 
scopic powder is calcium carbonate, gypsum or gypsum 
based solids . 
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3. Detailed Description of Invention 

Background of the Invention 

The quality of fresh concrete is determined 
by the ease and homogeneity with which it can be mixed, 
transport ed, compacted and finished. It can also be de- 
fined as the amount of internal work, necessary to 
achieve full compaction. 

The rheological behavior of concrete is re- 
lated to rheological terms such as plasticity and visco- 
elasticity of itB cement paste. 

Cement compositions, such as mortar or con- 
crete, lose their flowability with the progression of 
time due to a fast stiffening effect caused by an early 
hydration reaction of cement and water. This loss of flow 
reduces its workability. 

As the workability depends on the conditions 
of placement, the intended use will determine whether the 
concrete has the required workability. 

Concrete fro-n ready mix plants or mixed on 
job sites, used in civil engineering constructions, e.g. 
anchorage of big bridges, base plates or side walls and 
box culverts, in building structures such as heavy rein- 
forced structures, concrete filling pipe structures or 
other complicated structures, demands to be fully com- 
pacted to achieve its required strength and durability. 
The existing and conventional method for compaction is by 
vibration of the freshly placed concrete. 

A new production system for in situ-caeted 
concrete is needed to improve significantly the cost 
situation as well as the health and safety aspects on the 
construction site. 
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Additionally, self compacting concrete leads 
to a higher productivity, shorter building times and to 
an improved labor environment. 

Increased fluidity, defined e.g. as "flow- 
table spread", "slump 0 and "slump-flow", can be effected 
by using large dosages of water in the concrete, but it 
is well known that the resulting cement-based structure 
exhibits insufficient compactness due to excessive bleed- 
ing and segregation and consequently will have poor final 
compressive strength. 

In order to avoid excess amount of water, 
flowing concrete can be produced by the addition of so 
called superplasticizers or high range water -reducing ad- 
mixtures (HRWRs) like sulfonated melamine- formaldehyde 
polycondensates or naphthalene-formaldehyde polyconden- 
sates or ligninsulf onate based admixtures. All of these 
well known polymers are not capable of causing the 
treated cement compositions to retain high f lowability 
over a sustained period of time(known as -slump life") 
without imparting a significant delay in the initial set 
time and considerable retardation of early strengths. An 
additional disadvantage is the inconstant and very low 
flow rate of freshly prepared concrete containing high 
quantities {e.g. 500 to 700 kg/m 3 > of cement and up to 
20% of silica fume and fly ash, which flow rate cannot be 
improved by the use of conventional HRWRs. 

For heavy reinforced fresh precast concrete 
it is desired that the cementitious mixture has suffi- 
cient fluidity to flow through and around the reinforce- 
ment steel-structure to fill out the mold and level off 
at the top of the mold 

In the past ten years various polymer- 
admixtures based on so called polycarboxylic acid salts, 
e.g. copolymers of acrylic acid with acrylic esters of 
polyalkylene glycols have been proposed for imparting 
high water reduction, high flow and prolonged slump life 
to concrete, but most of them do not lead to self com- 
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pacting concrete without causing a too long retardation 
of the setting time and the early- strength development. 

Enhancing early, i.e. 1 day, compressive 
strengths, is of high importance in the precast and 
prestressed concrete industry, and chemical accelerators 
such as tertiary alkanolaminea , alkali metal and alkaline 
earth metal thiocyanates, nitrites and halides are known 
in the art for this purpose and can be added separately 
to the fresh concrete . 

Since calcium chloride and other inorganic 
salts can initiate corrosion of reinforcing steel embed- 
ded in hardened concrete, tertiary alkanolaminee which 
show both, accelerating and corrosion inhibiting proper- 
ties are the most recommendable chemical accelerators. 

Unfortunately, tertiary amines are well known 
to act as powerful catalysts for the cleavage of esters 
and from this reason cannot be premixed with the acrylic 
ester polymers of the art and stored over longer periods 
thus causing strongly reduced shelf life of the blend. 

In order to improve the stability of such ad- 
mixtures, a deactivated form of alkanol amines was de- 
manded which is reactivated in an alkaline environment. 

With the introduction of a super high flow- 
or self compacting concrete, which is or contains a mul- 
tipurpose polymer simultaneously acting 1) as a HRWR, 2) 
as set- and strength accelerator and 3) as corrosion in- 
hibitor, these problems could be solved, particularly the 
need for vibration can be significantly reduced. 



Summary of the Invention 

The problem to be solved by the present in- 
vention is, that conventional cement dispersing polymers 
cannot be used as admixtures to produce simultaneously 
high flow- and. high strength self compact ing concrete. 
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The present invention thus provides - as a 
result of extensive studies - acrylic copolymers, which 
can solve thia problem. 

The invention is based on modified acrylic 
polymers having a) a poly <oxy alky lene) chain and b) a ter- 
tiary alkanolamine group which both are connected to the 
backbone of the polymer by ester bonds. Said polymers are 
obtainable by aqueous radicalic copolymerization of 
acrylic polyalkyleneglycol esters- and -amides with an 
acrylic acid and an acrylic ester of a tertiary alkanol- 
amine. 

In particular it was found that the relation- 
ship between the molar ratio of the free carboxylate 
groups to the poly oxy ethylene ester groups and the poly- 
oxyethylene amide groups in the polymer as well aa the 
length of the polyoxye thy lene chain strictly determines 
the performance of the copolymer as a dispersing, water 
reducing and slump-keeping agent. 

The accelerating and anticorrosive effect of 
tertiary a Ikanol amines in aqueous solutions is known for 
long time. The inventive polymers react in alkaline ce- 
mentitious compositions and the alkanolamine group is re- 
leased from the polymer which is partly adsorbed to the 
cement surface. Due in particular to their close proxim- 
ity to the cement surface, the released^ alkanolamines 
prove a high set accelerating and shrinkage reducing ef- 
fect. 

Moreover, results suppose, that the polymers 
also are adsorbed on the reinforcing steel bars in the 
fresh concrete where they can act as corrosion inhibitors 
directly on the surface of the steel. 
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Detailed Description of the Invention 

A water-soluble acrylic copolymer with cement 
dispersing, set-accelerating and anticorrosive properties 
to steel, as well as an admixture comprising an amount of 
from 5 to 95 % of said water soluble acrylic copolymer, 
are described. 

Said polymer is obtainable by copolymeriza- 
tion of an a,p-olefinic monocarboxylic acid or its salt 
shown by formula 1 given below, a second acrylic monomer 
shown by formula 2 given below, optionally a third 
acrylic monomer shown by formula 3 given below, a fourth 
acrylic monomer shown by formula 4 given below and op- 
tionally a fifth acrylic monomer given by formula 5, 

such that the molar ratio of constituent 
monomer units 1, 2, 3, 4, 5 is 

a : b : c : d : e = (0.1-0.9) : (0.01-0.80) 
: (0-0.80) : (0.001-0.3) : (0-0.5) , 
and 

a : ( b+c+d+e) = 0.1: 0.9 to 0.9: 0.1, 

whereby 

a designates the molar concentration range of constituent 
monomers 1, 

b designates the molar concentration range of constituent 
monomers 2 , 

c designates the molar concentration range of constituent 
monomers 3, 

d designates the molar concentration range of constituent 
monomers £, 

e designates the molar concentration range of constituent 
monomers 5 

' said monomers having the structural formulas 
shown below: 
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H 2 C=| * 
COO{CH 2 CHRO) x -R3 



COO-CHRCH 2 -N — R< 



wherein each R independently from each other 
represents a hydrogen atom or a methyl group, 

R 1 and R 2 independently from each other repre- 
sent a Ci - C«- alkyl rest, a hydroxyethyl (CH2CH2OH) 
group, an acetoxyethyl group (CH 2 CH 2 OCOCH 3) group, hydroxy - 
isopropyl (CH2-CHOH-CHj) group, an acetoxy- ieopropyl (CH2- 
CH0C0CH3) group, or R 1 and R 2 may together with the nitro- 
gen atom to which they are bound, form a morpholine ring; 

R 3 is a Ci-Ct -alkyl rest, 

R 4 and R 3 independently represent an ali- 
phatic, cycloaliphatic, araliphatic or aromatic rest or 
R 4 and R 9 may together with the nitrogen atom to which 
they are bond form a morpholine- or imidazole ring sys- 
tem, 

M represents hydrogen, an alkali metal, an 
alkaline earth metal, an aluminum ion, an ammonium- or 
organic ammonium group, such as an ammonium group derived 
from alkylamines or a lkanol amines, in particular amines 
comprising C r to C 4 alkyl and/or C x to C 4 alkanol groups, 

x and y independently represent integers from 

2-300 . 
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In the solvent polymerization using an aque- 
ous solvent, a water soluble polymerization initiator 
such as ammonium salts, alkali metal salts of a peroxy 
acid or hydrogen peroxide is used as the polymerization 
initiator. 

Further, to control the molecular weight, a 
chain transfer agent such as alkali sulfite, hydrogen- 
sulfite, mercaptoethanol, thioglycolic acid or thioglyc- 
erol <3-mercapto-l, 2 -propanediol) may be used. 

It is preferable that the inventive polymer 
has a number- average molecular weight of 1000 to 100000, 
still more preferably 1000 to 30000. 

When the molecular weight is too large, the 
resulting copolymer will exhibit a poor dispersing ef- 
fect, while, when it is too small, the resulting copoly- 
mer will exhibit not only poor dispersity but also a poor 
slump retaining effect. Moreover, a defined molar propor- 
tion of 1-5 to 1 of carboxylic-groups to methoxypolyal - 
kyleneglykol ester side chains and methoxypolyalkyle- 
neglycol amide side chains at the backbone of the copoly- 
mer is preferred. 

The average molecular weight is determined by 
gel permeation chromatography using a set of defined 
polyalkyleneglycole as standard reference 

Following a further aspect of the present in- 
vention the inventive copolymers are employed for prepar- 
ing a cement -dispersing, set accelerating admixture hav- 
ing shrinkage-reducing and anticorrosive properties to 
steel. Hence, further to the invention, said admixture 
preferably contains at least one defoaming and/or at 
least one air- control ling agent. 

Still a further aspect of the present inven- 
tion is a mortar, concrete, cement or cementitious binder 
containing the modified acrylic polymer according to the 
present invention in an amount of 0.01 to 10% by weight 
of the binder, said mortar or concrete having a unit con- 



11 




(30) #12002-3256 (P2002-3256 JL 

tent of binder composed of cement or a mixture of cement 
and latent hydraulic or inert microscopic powder of 150 
to 800 kg/m 3 , preferably of 250 to 650 kg/m\ 

In a preferred embodiment, the cement is 
Portland cement, white cement, high alumina cement, and 
cement blends wherein the latent hydraulic or inert mi- 
croscopic powder is fly ash, slag, natural pozzolane, 
silica fume, burnt oil shale, metakaolin or calcium car- 
bonate . 

The inventive admixture can be used in liquid 
form, e.g. by addition of water, in powder form and can 
be added before, during or after the grinding operation 
of the cement or the cement itious binder. 



EXAMPLES 

In the following, some copolymers of the pre- 
sent invention and cement dispersing admixtures compris- 
ing such polymers, the method for producing the same and 
the cement containing composition of the present inven- 
tion are explained in more detail with the following ex- 
amples El - E6 and comparative examples CI , C2 , and C3 . 
Moreover, for comparison, commercially available polymers 
C7, C8 and C9 are also used for the preparation and test- 
ing of flowing concrete (test example 1) and high- 
strength, self compacting concrete of low water-to-cement 
ratio (test examples 2 and 3) . 

In test examples 4-6 the corrosion inhibiting 
effect of the inventive polymers on mild steel and on re- 
inforcing steel is. demonstrated and compared to compara- 
tive examples. 

However, it must be noted that all these ex- 
amples are given for illustrative purposes only and are 
not supposed to limit the invention, as defined by the 
claims, appended hereto. 
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The following polyalkylenegly col -based 
acrylic esters and -amides have been used in the examples 
described below (table 1) : 



Table 1 



H,C=e 



COOtCHjCHOyCH^HjOkCH* 



Acrylic a star monomers: 
Monomer 2-1: 

Methoxypolycxyalkyi ene aciylate 
x=22. y=o 
Monomer 2-2 : 

MethoxypoiyoxyaJkyiene (meth)acrytete 

x=22,y=0 

Monomer 2-3: 

Methoxypolycxyaikylene (methjacrytate 
x=44, y=0 

Monomer 2-4: 

MeUwxypolyoxyaIfcylene(m8inaoylate 
x-16, y=5 



CQ^MfCH^HOyc^CHjO^H, 



Acryta/rddo-Moncfnani: 
Monomer 3-1: 

Malhoxypolyoxyallcylene acrytamlda 
x»11; y*0 
Mono mar 3»2 : 

MelhoxypoTyoxyalkylene acryiamlda 
x=19; y=3 
Monomer 3-3: 

Melhoxypor/oxyalkytene acrylamde 
x»32; y-10 
Monomer 3-4 : 

Methoxypolyoxyalkylene awytamide 
jcbS; y=29 
Monomer 3>S: 

MethoxypoiyoxyafkyJeno acrylamida 
XM6, y=6 



Comparative Example CI (Polymer CI) 
Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were, added in 60 minutes a) an aqueous solu- 
tion of 72 g (l mol) of freshly distilled acrylic acid 
(monomer 1) 493 g (0.24 mol) of monomer 3-3, 82 g (0.04 
mol) of monomer 3-4 and 6 g of 50%-sodium hydroxide in 
180g water, b) a solution of 15 g of 35%-hydrogen perox- 
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ide and c) 4 g ascorbic acid in 25 g water. After the 
completion of the addition, in course of which the tem- 
perature raised to 75°C, the reaction system was main- 
tained at that temperature for 15 minutes. Finally, the 
mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneamine of MW=2000 with a PO/EO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-solution. A polymer of a number 
average molecular weight of H, = 9300 g/raol was obtained. 

Example E 1( Polymer El) 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C, Then si- 
multaneously were added in 60 minutes a) an aqueous solu- 
tion of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1), 493 g (0.24 mol) of monomer 3-3, 82 g (0.04 
mol) of monomer 3-4, 15 g (0.05 mol) dimethylaminoethyl 
acrylate and 6 g of 50%-sodium hydroxide in 180 g water, 
b) a solution of 15 g of 35%-hydrogen peroxide and c) 4 g 
ascorbic acid in 25 g water. After the completion of the 
addition, in course of which the temperature raised to 
75°C, the reaction system was maintained at that tempera- 
ture for 15 minutes. Finally, the mixture was cooled to 
25°C and 2 g of methoxy-polyoxyalkyleneamine of MW=2000 
with a PO/EO mol. ratio of 29:6 were added. 35 g of 50%- 
sodium hydroxide were then added dropwise to adjust the 
pH-value to 5.0. Water was added to give a 40%-solution. 
A polymer of a number average molecular weight of M,, =9900 
g/mol was obtained. 
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Comparative Example C2 (Polymer C2) 
Into a 2 liter-glass reactor, equipped with a 
stirrer^ reflux condenser, Na -inlet tube and automatic 
dosing mechanism, were placed 0,30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72g (lmol) of freshly distilled acrylic acid 
(monomer 1), 513.5 g (0.25 mol) of monomer 2-2, 50 g of 
polypropyleneglycol of MW 4000 and 6 g of 50%-sodium hy- 
droxide in 180 g Water, b) a solution of 15 g of 35%- 
hydrogen peroxide and c} 4 g ascorbic acid in 25 g water. 

After the completion of the addition, in 
course of which the temperature raised to 75°C, the reac- 
tion system was maintained at that temperature for 15 
minutes. Finally, the mixture was cooled to 25°C and 2 g 
of methoxy-polyoxyallcyleneamine of MW=2000 with a PO/EO 
mol. ratio of 29:6 were added. 35 g of 50%-sodium hydrox- 
ide were then added dropwise to adjust the pH- value to 
5.0. Water was added to give a 40%-solution. A polymer of 
a number average molecular weight of Mn =10100 g/mol was 
obtained. 

Example E2 (Polymer E2 ) 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1), 513.5 g of monomer 2-2, 59 g of polypropyle- 
neglycol of MW- 4000, 2.15 g (0.015 mol) of dime thy 1 amino - 
ethyl acrylate and 6 g of 50%-sodium hydroxide in 200 g 
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water, b) a solution of 15 g of 35%-hydrogen peroxide and 
c) 4 g ascorbic acid in 25 g water. After the completion 
of the addition, in course of which the temperature 
raised to 7 5°C, the reaction system was maintained at 
that temperature for 15 minutes. Finally, the mixture was 
cooled to 2 5°C and 2 g of methoxy-polyoxyalkyleneamine of 
MW=2000 with a PO/EO mol . ratio of 29:6 were added. 35 g 
of 50%-sodium hydroxide were then added dropwise to ad- 
just the pH-value to 5.0. Water was added to give a 40%- 
solution. A polymer of a number average molecular weight 
M„ =9900 g/mol was obtained. 

Comparative Example C3 (PolymerC3) 
Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72 g {1 mol) of freshly distilled acrylic acid 
(monomer 1), 685 g (0.65 mol) of monomer 2-1, 47 g (0.085 
mol) of monomer 3-1, and 6g of 50%-sodium hydroxide in 
250 g water, b) a solution of 15 g of 35%-hydrogen perox- 
ide and c) 4 g ascorbic acid in 25 g water. After the 
completion of the addition, in course of which the tem- 
perature raised to 75°C, the reaction system was main- 
tained at that temperature for 15 minutes. Finally, the 
mixture was cooled to 25°C and 2g of methoxy- 
polyoxyalkyleneamine of MW=2000 with a PO/EO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-solution . A polymer of a number 
average molecular weight of M„ =11100 g/mol was obtained. 
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Example E3 (Polymer B3) 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N a -inlet tube and automatic 
dosing mechanism, were placed O.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 3 80 g water. The in- 
side atmosphere of the flask, was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1) , 685 g (0.65 mol) of monomer 2-1, 47 g (0.085 
mol) of dimethylaminoethyl acrylate and 6 g of 50%-sodium 
hydroxide in 250 g water, b) a solution of 15 g of 35%- 
hydrogen peroxide and c) 4 g ascorbic acid in 25 g water. 
After the completion of the addition, in course of which 
the temperature raised to 75 °C, the reaction system was 
maintained at that temperature for 15 minutes. Finally, 
the mixture was cooled to 25*C and 2 g of methoxy- 
polyoxyalkyleneamine of MW-2000 with a PO/BO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40% -solution . A polymer of a number 
average molecular weight of M„ =10700 g/raol was obtained. 



Comparative Example C4 (Polymer C4} 
Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.3 0 g of ferrous sulfate 
and 5 g of thioglycerol. dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72 g (l mol) of freshly distilled acrylic acid 
(monomer 1) 516 g (0.4 9 mol) of monomer 2-1, 95 g (0.09 
mol) of monomer 3-2 and 6g of 50%-sodium hydroxide in 
200g Water, b) a solution of 15 g of 35%-hydrogen perox- 
ide and c) 4 g ascorbic acid in 25 g water. After the 
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completion of the addition, in course of which the tem- 
perature raised to 75°C, the reaction system was main- 
tained at that temperature for 15 minutes. Finally, the 
mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneamine of MW=2000 with a PO/BO rool. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-solution. A polymer of a number 
average molecular weight of M„ =10200 g/mol was obtained. 

Example E4 (Polymer E4> 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N a -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°c. Then si- 
multaneously were added in 60 minutes a) an aqueous solu- 
tion of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1), 516 g (0.49 mol) of monomer 2-1, 95 g (0.09 
mol) of monomer 3-2 and 2.86 g <0.02mol) of dimethylami- 
noethyl acrylate in 200g water, b) a solution of 15 g of 
35% -hydrogen peroxide and c) 4 g ascorbic acid in 25 g 
water. After the completion of the addition, in course of 
which the temperature raised to 75°C, the reaction system 
was maintained at that temperature for 15 minutes. Fi- 
nally, the mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneamine of MW=2000 with a PO/EO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-solution. A polymer of a number 
average molecular weight M n =9700 g/mol was obtained. 
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Comparative Example C5 (Polymer C5) 
Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes a) an aqueous so- 
lution of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1) 580 g (0.55 mol) of monomer 2-1, 28 g (0.12 
mol) of N,N-dicyclohexyl acrylamide and 6 g of 50%-sodium 
hydroxide in 220 g water, b) a solution of 15 g of 35%- 
hydrogen peroxide and c) 4 g ascorbic acid in 25 g water. 
After the completion of the addition, in course of which 
the temperature raised to 75°C, the reaction system was 
maintained at that temperature for 15 minutes. Finally, 
the mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneainine of MW=2000 with a PO/EO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-eolution. A polymer of a number 
average molecular weight of M n =10300 g/mol was obtained. 

Example E5 (Polymer E5) 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N 2 -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and. 5g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the. flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C. Then si- 
multaneously were added in 60 minutes, a) an aqueous so- 
lution of 72 g (1 mol) of freshly distilled acrylic acid 
(monomer 1) , 580 g(0.55 mol) of monomer 2-1, 2.86 g (0.02 
mol) of dimethylaminoethyl acrylate and 6g of 50%-sodium 
hydroxide in 220 g water, b) a solution of 15 g of 35%- 
hydrogen peroxide and c) 4g ascorbic acid in 25 g water. 
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After the completion of the addition, in course of which 
the temperature raised to 75°C, the reaction system was 
maintained at that temperature for 15 minutes. Finally, 
the mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneamine of MW=2000 with a PO/EO mol . ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pK-value to 5.0. Water 
was added to give a 40%-solution. A polymer of a number 
average molecular weight of 1^= 9500 g/mol was obtained. 

Example E6 ( Polymer E6) 

Into a 2 liter-glass reactor, equipped with a 
stirrer, reflux condenser, N a -inlet tube and automatic 
dosing mechanism, were placed 0.30 g of ferrous sulfate 
and 5 g of thioglycerol dissolved in 380 g water. The in- 
side atmosphere of the flask was replaced with stirring 
by nitrogen gas and the solution heated to 60°C, 

Then simultaneously were added in 60 minutes 
a) an aqueous solution of 72 g (1 mol) of freshly die- 
tilled acrylic acid (monomer 1), 317 g(0.19 mol) of mono- 
mer 2-4, 

317 g (0.19 mol) of monomer 3-5 and 2.15 g of 
of dimethylaminoethyl acrylate in 200g water, 

b) a solution of 15 g of 3 5%-hydrogen perox- 
ide and c) 4 g ascorbic acid in 25 g water. After the 
completion of the addition, in course of which the tem- 
perature raised to 75 °C, the reaction system was main- 
tained at that temperature for 15 minutes. Finally, the 
mixture was cooled to 25°C and 2 g of methoxy- 
polyoxyalkyleneamine of MW=2 000 with a PO/EO mol. ratio 
of 29:6 were added. 35 g of 50%-sodium hydroxide were 
then added dropwise to adjust the pH-value to 5.0. Water 
was added to give a 40%-solution. A polymer of a number 
average molecular weight M„=99 00g/mol was obtained. 
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Comparative Example C6 (Polyacrylic acid) 
SOKALAN PA 25 CL PN (BASF, Badische Anilin& 
Sodafabrik) a 50% aq. solution of a partially neutralized 
polyacrylic acid of weight-average molecular weight 4000 
was used as a comparative dispersant for concrete. 

Comparative Example CI (Melamine polymer) 

Melment F-10 (Suddeutsche Kalkstick- 
stof fwerke.Trostberg, BRD) , a commercial dispersing agent 
for hydraulic cement compositions, is the sodium salt of 
a sulfonated melamine formaldehyde polycondensate of mo- 
lecular weight of about 15 '000. 

Comparative Example C8 

MIGHTY- 150 (KAO Corp ., Tokyo ) , a commercial 
dispersing agent for hydraulic cement masses, is the so- 
dium salt of a sulfonated naphthalene- formaldehyde poly- 
condensate of average molecular weight of about 'S'OOO- 
S'000. 



TEST-EXAMPLES 

These examples were performed to demonstrate 
the improved fluidizing effects of the inventive polymers 
on fresh concrete and their accelerating action on the 
development of the early (Id) compressive strengths. The 
inventive polymers El to E5 , were tested as fluidizers in 
flowing concrete (test-example 1) and as admixtures to 
improve the flowability and slump life of high -strength 
concrete of low water-to-cement ratio and high 
binder (cement + silica- fume) content (test example 2). 

Those comparative polymers (CI to C8) de- 
scribed above were also tested and compared in this con- 
text. 
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Test -Example 1 
Flowing concrete 

Use of inventive polymers and comparative 
polymers for flowing concrete. 

The consistency of freshly prepared concrete 
i.e. the mobility or viscosity , is the most important 
characteristic of workability. For measuring the consis- 
tency of concrete a -flow table spread" according to DIN 
1048, parti is used in industry. 

Sometimes the "slump test* according to ASTTO 
C143 is additionally used. 

For purposes of this experiment the flow ta- 
ble spread was determined by placing concrete in an iron 
form on a two-part table (70 x 70 era) .By removing the 
form, a concrete body having a truncated cone shape is 
prepared. Then, the are of the table is lifted on one 
side for 4cm, and allowed to fall. This procedure is 
carried out 15 times , and the concrete spreads . The av- 
erage diameter of the formed cake corresponds to the flow 
table spread. 

For the slump test, three layers of concrete 
are put into a mold having a shape of a truncated cone 
and having certain dimensions, and compressed with 25 
pushes of an iron bar. At the top, the concrete is 
stripped off evenly, then, the form is vertically re- 
moved. The concrete body will sink in by itself. The 
slump is measured by determining the vertical difference 
between the top of the mold and the displaced original 
center of the top surface of the test sample. 

In order to compare the obtained test results 
and to bring them into a relation with the consistency, 
the freshly prepared concrete (see DIN 18555, Part2) may 
be divided into consistency ranges: 
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Table 2 i Consistency Ranges of Freshly 
Prepared Concrete 

Denotation Flow Table Spread (cm) Slump (cm) 

Kl= rigid < 30 < \ 

K2= semi -plastic 30 to 40 1 to 9 

K3= plastic 41 to 50 io to 15 

K4= flowing concr. > 50 > 15 

Fluidizers are used when specific construc- 
tion applications are necessary. Flowing concrete is used 
when high inserting rates {e.g., from 50 to 150 m 3 /hour) 
are repaired, or when the form and reinforcement of a 
construction part do not allow a compacting of the con- 
crete by vibration. 

Concretes having K2 or K3 consistencies may 
be prepared from a concrete of Kl consistency by adding 
fluidizers (also designated as superplasticizers) when in- 
creased mechanical strength at an equal remaining work- 
ability shall be obtained. 

For a freshly prepared concrete, the fluid! z- 
ing effect is dependent on the dosage of the superplasti- 
cizer. Usually, from 0.2 to 1.5% solid matter Quanti- 
ties (in dissolved f orm) , referred to the weight of cement, 
are added. 

To a high degree, the effect is also depend- 
ent on the chemical structure and the molecular weight of 
the polymer, which forms the basis of the fluidizer. 

In order to demonstrate the increased effec- 
tiveness of the inventive copolymers, the flow behavior 
of concrete mixtures containing the copolymers El to E5 
was measured according to DIN 1048, parti, and ASTM C143 . 
As a comparison, the polymers C-l to C-8 were also tested 
with the same methods. 
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Table 3 1 Composition of the fresh concrete 
mixtures 



Components : 

Normal Portland Cement. Typel 
Netstal filler (chalk filler) 
Rhine sand "Epple" up to 1.2 mm.* 
Rhine sand "Epple" 1.2 to 4.0 mm.* 
Rhine sand "Epple" 4.0 to 8.0 mm.* 
Mine gravel 8 to 16 mm.* 
Mine gravel 16 to 32 mm.* 
Total Water, including mixing water 
and water of the copolymer solution 
Copolymer (solid) or comparative 
polymer, used as fluidizer 



* washed and dried 



Quantity in Icq 

7.5 
1.5 
9.5 
8.0 
4.5 
9.5 
17.0 

3.45, 

0.04, dis- 
solved in 
the mixing 
water 



Preparation and handling of the concrete 

specimen 

The cement and the aggregates were premixed 
for 15 seconds in a 50 liter forced circulation mixer for 
concrete. The mixing water, containing the fluidizer, was 
added slowly under stirring over 20 seconds. The batch 
was then mixed in a wet state for an additional 60 sec- 
onds. A part of the fresh concrete was then immediately 
filled into the mold for the determination of the flow 
table spread and the slump. 

Immediately after measuring the flow table 
spread, test bodies having edges of 12 x 12 cm were pre- 
pared,, and the compressive strength was measured atter 1, 
7, and 28 days in accordance with DIN 1048, Part l.The 
determination of initial setting was carried out accord- 
ing to ASTM-C 403 . 

Additionally, the copolymers of the present 
invention were compared to the comparative polymers C-l 
to C-3. 
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As mentioned above, the flow table spread and 
slump was measured immediately after mixing, and re- 
measured at 60 and 120 minutes after mixing. A mixing up 
of the concrete for five seconds was carried out before 
each new measurement. 

Concrete test mixtures No 1 to 11 which were 
prepared under the same conditions, were then subjected 
to the above -described examination of flow table spread 
and slump depending on the time. 

The results are summarized in Table 4. They 
show a high water reduction and a surprisingly long last- 
ing constancy of the flow table spread and the slump of 
up to 120 minutes in test mixtures nos . 2, 4, 6, 8, 10, 
11 containing the copolymers according to the invention. 
From a comparison of these mixtures with comparative mix- 
tures nos.l, 3, 5, 7 and 9 containing the alkanolamine- 
free polymers, it can be seen, that the comparative test 
mixtures show a strong retardation of the early strength 
development. Also, comparative mixtures no 12, 13 and 14 
containing polyacrylic acid and melamine- and naphthalene 
polycondensate show a considerable stiffening tendency 
already 60 minutes after mixing. 



25 



(44) ^H2002-3256 (P2002-3256 JL 



Table 4 



Time -dependent flow behavior and compressive 
strengths of flowing concrete of water-to-cement 
ratio W/C =0.4 6 using inventive and comparative 
polymers as fluidizers. 



Test- 
Mix- 
ture No 



Poly. 

mer 
exam- 

Pie 



Dosage 
in % 
of cement 
weight 



Flow table spread /slump 
to cm, 
x minutes after mixing 



Compressive strength in New- 
ton/mm* 
y days after mixing 



%-Atr 
con-tent 
after 
mix 



x=0 
61/24 



60 

60/24 



120 



CI 
El 



C2 
E2 



03 



03 



50/19 



59/22 



57/2! 



J 4.0 



03 



51/17 



42.8 



52/19 



20.4 



53/20 



50/18 



17.5 



43.3 
39.7 



47.9 



48.3 



1.9 



2,0 



03 
0.3 



50/18 
56721 



52/19 



49/19 



23.2 



443 



E3 
C4 



03 
03 



54/22 



55/20 
54/20 



50/20 



54/21 



14.9 



52/19 



39.0 



20.4 



423 



47.1 



1.9 



1.6 

2.7 



£4 



03 



52/20 



50/20 



60/22 
56722 



15.6 



60/24 



41.2 



53/20 



223 



443 



50.0 



1.8 
2.5 



10 



C5 
E5 



03 
03 



55/19 



48/18 



61/20 
60/21 



60/25 



17.0 



52/20 



45.0 



20.5 



42.0 



50.3 



49.8 
51.2 



12 



13 
14 



E6 



C6 



C7 



03 



03 

_03 
03 



61/23 



61/22 



30/0 

42/12 

45/14 



21.9 



43.0 
22.4 



26.9 



48.1 



45 



60.9 
50.0 



2.0 



Z8 



33/1 



21.0 



433 



1.5 
1.9 



The measurement of flowing properties of 
fresh mixtures of high flowing -high strength concrete of 
very low water-to-cement ratio (W/C) is described in the 
next test-example. 



Test -Example 2 

High flo wing-hicrh strength concrete. 

High flowing-high strength concrete of very 
low water-to-cement ratio and very high content of 
binder {cement silicafume) is increasingly demanded by 
the building- and construction industry. Preparation and 
testing are prescribed in Japanese Industrial Stan- 
dards ( JIS-A) . 
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Preparation of the concrete mixtures 
In a mixing ratio as shown in table 5, ordi- 
nary Portland cement, silica fume, fine aggregates and 
coarse aggregates (gravel) were sequentially placed in- 
side a forced mixing- type mixer of 50 liters volume. The 
cement and the aggregates were premixed for 15 seconds, 
and then the mixing water, containing the fluidizer and 
0.02 % (related to the weight of fluidizer) of a syn- 
thetic air detrainer, was added slowly under stirring 
over 20 seconds. The batch was then mixed in a wet state 
for 3 minutes. After mixing, the mixture was transferred 
to a mixing boat and reteropering was conducted at a pre- 
determined number of times every 60 minutes and the slump 
flow and slump with the progression of time was measured 
for up to 120 minutes according to JIS-A 1101. The proce- 
dures specified in JIS-A 1123 and JIS-A 6204 were em- 
ployed to measure air content and time -dependent compres- 
sive strengths . 



Table 5: Concrete Mix Proportion for Self Compacting 
Concrete 





UNIT CONTENT (kg/ra J ) 


W/B 


S/A 


Polymer- 
Dosage 


W 


C 


SF 


S 


G 


22% 


39% 


1.6% 


165 


675 


75 


600 


950 



Raw materials t 

W » Mixing water, including water of the added fluid- 
izer. 

C = Cement: Normal Portland Type 1 

SP= Undensified Silicafume:, density : 2 . 2-2 . 7 , 

surface: 100.000-250.000 cm 2 /g 
S o Sand Epple: 0-1. 2mm, 300kg 

1.2-4mm, 300kg 
Gi - Gravel Epple : 4 -8mm, 280kg 

8 -16mm 670kg 
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A « Aggregate: Sand + Gravel 
B = Cement + Silicafume 

Polymer-dosage: dosage (weight%) of solid polymer, con- 
tained in the fluidizer, in relation to the cement 
weight. 

Results of the evaluation of the mixtures, containing in- 
ventive and comparative polymers, are shown in table 6. 



Table 6 s Time-dependent flow behavior and compressive strengths 
of Flowing concrete of water- to-cement ratio W/c=0.22, 
using inventive and comparative polymers as fluidiz- 
ere . 



Test- 
Mixture 
No 


Poly- 
mcr 
designa- 
tion 


Polymer 
IS?*" 


1 Slump-flow ; 
in cm 

x minutes after mfxlng 


Compressive strength In 
Newton/raml 
j days after mixing 


% Air 
content 
after mixing 








! x=0 


60 


120 


y=l 


28 




i 


CI 


1.6 


51 


58 


60 


11.7 


97.9 


2.1 


2 


El 


1.6 


50 


52 


60 


22.0 


101.0 


2.0 


3 


C2 


1.6 


51 


55 


59 


13.7 


102.0 


2.4 


4 


E2 


1.6 


56 


61 


59 


29.1 


100.0 


2.0 


5 


C3 


1.6 


54 


53 


51 


8.8 


103.4 


1.9 


6 


E3 


1.6 


61 


60 


59 


22.6 


105.0 


1.8 


7 


C4 


1.6 


60 


61 


60 


14.6 


100.0 


2.1 j 


8 


EA 


1.6 


60 


64 


62 


24.7 


1023 


2.2 


9 


C5 


1.6 


54 


58 


60 


16.0 


101.1 


2.4 


10 


E5 


1.6 


57 


61 


59 


23.9 


1043 


2.3 


11 


E6 


1.6 


60 


62 


62 


24.0 


105.0 


2.4 


12 


C6 




<35 








63.9 


8.4 


13 


C7 


1.6 


43 






31.1 


102.4 


1.8 


14 


C8 


1.6 


48 






19.3 


93.2 


3,8 



It is evident from table 6, that the test mixtures 
2,4,6,8 lOand ll # containing the inventive, dimethylami- 
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noethyl aery late-modi f ied polymers, show an improved set- 
ting behavior and early- strength development as compared 
to comparative mixtures 1,3,5,7 and 9 which exhibit 
strong retardation of initial setting and early strengths 
whereas test mixtures 12, 13 and 14, which contain con- 
ventional polymers, show only poor flowability. 

Test-Sac ample 3 

Corrosion inhibition of mild steel 

The anticorrosive activity of the polymers 
was tested by the stacked steel test, as is known. 

An aqueous solution containing 1.6% by weight 
of the polymers and having a water hardness of 177 ppm of 
calcium was prepared for use in the test. 

Mild steel cylinders of 3.3 - 4.5 cm length 
and 2.5 cm in diameter were used as the test material. 
All surfaces except one end were coated with an epoxy 
coating . 

The exposed test end of each slug was pol- 
ished with a power grinding wheel, then was covered with 
about lg of the 1.6%-polymer solution. The exposed end of 
the second steel slug was placed over the test end to 
spread the film and prevent evaporation. The stacked 
steel slugs were then placed in an equilibrated desicca- 
tor over water. Tests were carried out at 20°C. 

Tap water of 177 ppm hardness was used as a 
control in each test. 

The test results (table 7) showed, that solu- 
tions containing the inventive polymers even at low con- 
centrations were non corrosive whereas none of the com- 
parative polymers did develop an anticorrosive activity. 
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Table 7 



Time -dependent corrosion of mild steel in water: 
Inhibition by inventive polymers 



Tost No. 



Polymer des- 
ignation 



Concentration 
of the aq. 
polymer solu- 
tion 



Period of ex- 
amination 
[days] 



Condition of 
steel after test 



J_ 
2_ 
_3_ 
4_ 
5_ 

7_ 
8 



Control 



Id 



K 



Control 



7d 



K-st 



C1 



C1 



E1 



1.6% 



1 .6% 



1 .6% 



1d 



7d 



Id 



Inh 



K 



Inh 



E1 



1.6% 



7d 



Inh 



C2 



16% 



7d 



K 



E2 
E3 



1.6% 



1.6% 



7d 



7d 



Inh 



Inh 



10 
11 

^\2~ 



C3 



1.6% 



1d 



C4 



1.6% 



1d 



K 



E4 



1.6% 



7d 



Inh 



13 



14 

15 



E4 



E5 



1.6% 
1. 



.6% 



28d 



7d 



fnh 



Inh 



E6 
C5 



1.6 



7d 



Inh 



16 



K: 

K-St: 
Inh: 



.6% 



Id 



Distinct traces of corrosion visible on the steel 
Strong corrosion visible 
No corrosion visible 



Test-Example 4 

Measurement of the anticorrosive effect of 
inventive polymers on mild steel in CaCl-solutions by cy- 
clic voltaxnniBtry(CV) 

in this example, the influence of the inven- 
tive, alkanolamine-modified corrosion inhibiting polymers 
in comparison to non modified polymers 01,02 and C3 on 
mild steel specimens was investigated. 

The examination was carried out by means of 
potentiodynamic polarization measurements, performed in 
aqueous, chloride containing solutions using a poten- 
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tiostat/galvanostat with scan option and a Camec II sta- 
tion . 

Test conditions: 

Umax ± 5V, v u = l-8350mV/min 
-working electrodes: polished steel plates 
(mild steel ST37) 

-v = lOmV/s 

-concentration of inventive and comparative 
polymers: 1.60% based on solids. 

The test solution was neither stirred ( nor 
degassed. The electrode was conditioned for one hour at ; 
i = O.OmA/cm 2 , then polarization was started. 

Test period: 1 hour; i^x =0.5 mA/ ra' j 0 and 
j u depending on 

currents (i,^ =30-50 mA) 

After a further conditioning at i = O.50 
mA/cm 2 for 30 minutes, the CV was performed in cathodic 
direction during 3 0 minutes. 

As can be seen from the data in table 8, all 
inventive polymers perform substantially better than the 
comparative polymers as well as the control, showing 
higher positive values of both r the pitting-: and the re- 
passivation potentials. 
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Table 8t Cyclic voltammetry at mild steel electrode in 
saturated Ca(OH) 2 
+ 0.09M-Na<OH) 



Test No. 



Polymer designation 



Concentration of 
polymer in test solu- 
tion [%) 



Pitting potential vs 
SCE 

0 3 scan s [mV] 



Repassivation po- 
tential vs SCE 
0 3 sc an s (mVj 



Control 

CI 



+275 



-520 
•575 
+990 



El 
C2 



16 
1.6 



+235 
+ 1200 



E2 
C3 



1.6 



1.6 



+375 



+990 



•600 



+720 



E3 
C4 



1.6 



1.6 



E4 



1.6 
1.6 



+405 
+ 1180 



+630 
41000 



-590 



+980 



-410 
+720 



re st -Example 5 

in the following, the influence of inventive 
tert . -alkanolamines containing polymers on the shrinkage 
behavior of a mortar of high cement content is demon- 
strated by the measurement of the strain of 4x4x16 cm 3 
prisms fitted. with an inserted neck. 



Composition of the fresh mortar: 

Portland cement type CEM I 42 . 5 
Sand 0-8 mm 
Water 

Inventive or comparative polymer 

The test specimen were initially stored for 
24 hours at 20*C and 95% RH, subsequently, at 23°C and 
50% RH. 



0.750 kg 
3.150 kg 
0.350 kg 
0,012 kg 
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Table 9t Effect of inventive, shrinkage compensating 
polymers on the strain of mortar prisms. 



Test No. 


Polymer Designation 


Dosage of solid 
Polymer, calculated 


Strain after 23 d 


I 


Control 


on cement welebtt%) 
1.6 




2 


CI 


1.6 


-0.057 
-0.045 


3 


El 


1.6 


-0.019 


4 


C2 


1.6 


-0.045 


5 


E2 


1.6 


-0.024 


6 


C3 


1.6 


-0.049 


7 


E3 ~~ 


1.6 


-0.036 " 


8 


C4 


1.6 


-0.047 


9 


E4 


1.6 


-0.022 


10 


C5 


1.6 


-0.044 


11 


E5 


1.6 


-0.022 



This example clearly demonstrates the shrink- 
age compensating effect of up to 50% of the inventive 
polymora on mortar pieces whereaa comparative polymers 
show only poor reduction as compared to the control 
specimen. 

While there are shown and described presently 
preferred embodiments of the invention, it is to be dis- 
tinctly understood that the invention is not limited 
thereto but may be otherwise variously embodied and prac- 
ticed within the scope of the following claims. 
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1. Abstract 

A multipurpose cement dispersing, shrinkage 
compensating and anticorrosive polymer and an admixture 
comprising said polymer, which improve the workability 
and the early strength development of fresh concrete, are 
described. 

Said polymer is an ester- and amid group- 
modified acrylic polymer, obtainable by aqueouB solution 
radical copolymer Nation of (1) acrylic or methacrylic 
acid with (2) an acrylic or methacrylic methoxy- 
polyalkyleneglycol ester monomer having 2 to 3 00 moles of 
an oxyalkylene group each having 2 to 3 carbon atoms, 

(3) optionally an acrylic or methacrylic 
methoxy-polyalkyleneglycolamide monomer having 2 to 300 
moles of an oxyalkylene group each having 2 to 3 carbon** . 

atoms , * : ° 

* 

(4) an acrylic or methacrylic ester.of a ter- 
tiary aminoalkanol and * 

(5) optionally an acrylic amide of a primary 

or secondary aliphatic, cycloaliphatic or aromatic amine. * 

2« Representative Drawing 



None 



